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Chemists and agriculturists have tacitly assumed in the past that 
celluloses, among the constituents of plant materials which are con- 
stantly added to soil, play a predominant réle in contributing to the 
formation and accumulation of soil organic matter or “humus,”’ (Detmer, 
Duclaux, Czapek). This assumption was not based upon any experimental 
evidence, since the very nature of this soil “humus” was only little under- 
stood; it was merely a logical conclusion of two facts: 1. celluloses were 
known to form the largest single chemical group of constituents of 
natural organic matter of plant origin, and 2. the addition of these organic 
substances to-the soil results in the formation of black substances which 
were termed collectively “humus.” 

The chemical nature of this “‘humus’’ was a matter of considerable 
discussion and a subject of numerous speculations. Some investigators 
believed that this “humus” represents a single compound (“humic 
acid”) or a group of closely related compounds (‘“‘humic,”’ “hymetome- 
lanie,” “fulvie,” “erenic,” and other acids, as well as “humin,” “ulmin,”’ 
and other ill-defined substances, all of which designate only certain prepa- 
rations and not definite chemical substances). Other investigators suc- 

“ceeded in separating from the soil a number of definite chemical substances, 
leaving some doubt, however, as to the actual existence of these substances 
in the soil itself. It became a matter of common practice in tests and 
scientific discussion to refer to all dark-colored substances, whether formed 
biologically or produced by the action of concentrated acids upon car- 
bohydrates, as humus“ compounds. 

During the last few years, however, some concentrated attacks upon 
this subject have been made and definite light has been thrown if not upon 
the nature, at least upon the origin of the black colored substances in the 
soil. 

Hoppe-Seyler was the first to demonstrate that the decomposition of 
pure celluloses by microorganisms does not give rise to black colored 
substances or ‘“humus.’’ Unfortunately, Hoppe-Seyler allowed the de- 
composition of the celluloses to take place either under anaerobic condi- 
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tions, or by the inoculation of his medium only with anaerobic organisms. 
His results could, therefore, not be interpreted in terms which would 
apply to normal soils. Bermi also expressed the idea that cellulose does 
not contribute to the formation of humus, either by natural or by arti- 
ficial processes. 

Of the numerous contributions following the work of Hoppe-Seyler on 
the subject of the réle of celluloses in the formation of dark colored sub- 
stances in the soil, it is importance to note the work of Trussov, who 
definitely demonstrated that no “humie acids’’ are formed in the decom- 
position of celluloses. He found that “humic acids” are formed from 
proteins, or rather certain protein derivatives, especially those having a 
pyrrhol or phenol group which give rise to oxyquinones and pyrrhols, and 
also from lignins, tannins and fats. The work of Fischer, Schrauth and 
others definitely established the réle of lignins in the formation of ‘ humus” 
in the soil. According to these investigators, when plant substances are 
added to the soil, the sugars, starches, celluloses, hemicelluloses and pro- 
teins are rapidly decomposed, while the lignins and to a less extent the 
fats and waxes are allowed to accumulate. A detailed review of this sub- 
ject is given elsewhere. Attention will only be called here to the recent 
work of the author, which points definitely to the réle of celluloses in 
the formation of ‘‘humus”’ in the soil. This work will tend to explain a 
number of various discrepancies observed by different investigators. 

Various contributions to the subject of digestion of natural organic 
materials point to the great resistance of lignins to digestion both by 
animals, by lower invertebrates and by most microorganisms. Kénig and 
Murdfield, as well as Bach found that in the animal digestive system 
celluloses are decomposed very readily by the intestinal bacteria, while 
the lignins are attacked only to a limited extent. The high carbon content 
of manure is explained by the relative increase in the lignin content. 
Dore and Miller have established that in the digestion of wood by Toredo 
navalis, most of the celluloses and hemicelluloses are decomposed in the 
digestive system, while the lignins are hardly acted upon. These results 
as well as the work of Beckmann and Liesche, Pringsheim and Fuchs, and 
others support the lignin hypothesis, namely that the accumulation of 
“humus” in soil is due to the great resistance of lignins to decomposition. 
Waksman and Tenney also reported that in the decomposition of cereal 
straw by filamentous fungi and the complex soil flora, the lignins are de- 
composed to a much less extent than the other plant constituents. The 
removal of the lignins even hastens the decomposition of the celluloses by 
soil organisms. However, it must be recognized that even lignins are 
decomposed by soil organisms, as shown by Pringsheim and Fuchs, 
Schrader and Falk, but the process is a very slow one. 

On the other hand, some of the very recent workers (Donath and Liss- 
ner, Potonie, Mareusson, and others) still persist in their idea that 
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cellulose plays an important part in the formation of peat and coal. 
Their contention is based largely upon the presence of celluloses in peat 
and coal, especially upon the rapidity with which oxy-celluloses may change 
into “humus’’-like substances. 

However, neither group of investigators attempt to explain the origin 
of the nitrogen in the “‘humus.”” This nitrogen is usually present in the 
soil organic matter, or the so-called “humus,” in very definite concen- 
trations (namely, about 3 per cent nitrogen in the purified “humus” or 
“humic acids’’). More so, investigators have overlooked the fact entirely 
that soil organic matter always contains carbon and nitrogen in a very 
definite ratio (C:N =8-12:1). 

But, in view of the fact that neither did the presence of nitrogen fit in 
with any particular formulae for the various “humic acids,” nor could the 
nature of its origin in the soil ‘‘humus”’ be interpreted, the only way to 
explain its presence in soil organic matter was to consider it as an impurity 
of the “humic acids.’’ However, all attempts to purify the ‘humic acid”’ 
did not result in the complete removal of the nitrogen, although it seemed 
to be somewhat more soluble in boiling acids and in alkalies than the non- 
nitrogenous part of the soil organic matter. 

The lack of a sufficient understanding of these phenomena was largely 
due to the fact that it was commonly assumed that the microorganisms 
decompose the pentosans and celluloses, proteins and sugars, without 
leaving any residue. Even as late as 1926, we have a suggestion to free 
lignin from celluloses by utilizing the cellulose decomposing power of 
fungi and bacteria. As if the fungi and bacteria are just catalysts which 
assist in carrying out a reaction without increasing or diminishing in the 
amount of the catalytic agent. The important fact that these catalysts 
are living organisms which grow and multiply, use energy, nitrogen and 
minerals and synthesize new cell substance is usually not taken into con- 
sideration. The author has definitely established the fact that a constant 
ratio exists between the amount of cellulose decomposed and nitrogen 
required, in the decomposition of cellulose by fungi, this ratio being about 
30 to 1. A similar ratio is found to hold true also in the case of the decom- 
position of cellulose by bacteria. In other words, celluloses will not be 
decomposed if available nitrogen is absent or present in insufficient 
amounts. The use of celluloses as sources of energy by fungi and bacteria 
will always be accompanied by a parallel assimilation of nitrogen (and 
phosphorus) and by a synthesis of microbial protoplasm. 

It is to the activities of the microorganisms that decompose the cellu- 
loses that we must look for the source of nitrogen in the soil “humus,” as 
well as to the source of a large part of the “humus” itself. 

Of the 3 different groups of microorganisms which are largely con- 
cerned in the decomposition of cellulose in nature, the fungi are most 
active in acid soils (below pH 6.0) and the bacteria and actinomyces are 
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largely active in faintly acid, neutral and alkaline soils, although fungi are 
able to decompose celluloses even under these conditions. 


Name of organiem incubation decomposed 
days per cent 

Aspergillus fumigatus 21 92.1 
Penicillium sp. (No. 134) 21 87.7 
Trichoderma kéningi 21 93.5 

Fusarium 115 21 76.6 
Humicola sp. 30 S4.4 
Mucor racemosus Do Do 
Cunninghamella elegans Do Do 
Zygorhynchus mélleri Do Do 
Actinomyces violaceus ruber 21 6.8 
Do 42 18.0 

Act. cellulosae 42 44.4 
Actinomyces 292 Do 29.1 
Bacterium fimi 42 29.0 
Do 60 31.9 
Bacterium No. 5 (orange) 30 37.7 
Spirochaeta (impure culture) in solution 30 29.3 
Do 30 25.4 

Do . 30 36.6 

Spirochaeta in soil 50.4 


Table 1 shows the rapidity with which different organisms are capable 
of decomposing celluloses. The following method was used for deter- 
mining the ability of the various organisms to decompose celluloses. One 
g. portions of cellulose, in the form of well ground filter paper are added to 
100 g. of soil or sand, to which 20 cc. of a nutrient solution (10 g. (NH4)s 
HPO,, 3.0 g. KsHPO,, 2.0 g. MgSO,.7H,0, 1.0 g. NaCl, 0.02 g. FeSO,, 
1000 ce. distilled water) and 1 g. CaCO, are also added. The flasks 
containing the medium were sterilized, inoculated with pure cultures of 
the respective organisms and incubated at 28° C. for 21 to 60 days. At 
the end of the incubation period, the remaining cellulose was determined 
by the method of Charpentier, while the residual ammonia is determined 
by the method of extraction with potassium chloride solution and distilling 
with MgO. a 

Whatever the chemistry of the processes of cellulose decomposition by 
microorganisms, whether they are decomposed largely to organic acids 
and alcohols, as in the case of some bacteria, or entirely to CO, and H,0O, 
as in the case of most fungi one phenomenon is of outstanding importance, 
namely the synthesis of microbial protoplasm. This can be measured 
quantitatively in three ways: 1. the disappearance of the inorganic 
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(ammonia or nitrate) nitrogen, 2. the formation of organic nitrogen 
compounds, 3. the synthesis of carbon in the microbial cells. 


TA BLE 2.—Cellulose decomposition and nitrogen assimilation by microorganisms 


Nature of| Incu-| Nitrogen | Cellulose | Cellulose 


Name of organisms medium | bation) used up | decomposed) Nitrogen 


mg. mg. 
Aspergillus fumigatus Sand 29.4 920.9 31.3 
Penicillium 134 Do 26.5 877.2 33.1 
Fusarium 115 Do 23.0 766.0 33.3 
Trichoderma kéningt Do 29.2 935.0 32.0 
Humicola Do 2 16.3 S44 51.7 
Actinomyces cellulosae 12.8 444.0 34.7 
Spirochaeta cytophaga No.1* | Solution 11.0 203 26.6 
Do No, 2 Do 9.0 254 28.2 
Do No, 2 Do 8.1 360 444 
Orange-colored bacterium Do 15.0 377 25.1 
Spirochaeta cytophaga No. 1 Sand 10.0 504 59.4 
Do No. 2 Do 6.0 306 51.0 
Do Soil 11.4 570 50.0 


* The Spirochaeta culture was accompanied by a small rod-shaped bacterium. 
» Insufficient amount of available nitrogen, all of which is used up. 


The results reported in Table 2 show that there is a definite correlation 
between the amount of cellulose decomposed and the microbial protoplasm 
synthesized in the case of fungi, actinomyces and bacteria. This ratio 
varies with the nature of the medium, length of incubation period, and 
environmental conditions, as well as with the nature of the organism and 
presence of other organisms. 

The large quantities of nitrogen assimilated by the microorganisms 
point to the considerable quantities of cell substance built up by the 
various organisms in the process of cellulose decomposition. The fact 
that a more or less definite ratio exists between the cellulose decomposed 
and nitrogen assimilated points to the existence of a definite ratio between 
the cellulose decomposed by at least all the aerobic cellulose decomposing 
organisms and the cell substance synthesized by these organisms. As a 
matter of fact this cell substance has actually been measured, as shown 
elsewhere. Just how the cell substance is built up, whether by decompos- 
ing the cellulose to acetaldehyde, as shown by Neuberg and Kohn, then 
forming amino acids or by other processes still remains to be determined. 

A large part of the carbon of the cellulose decomposed by the aerobic 
fungi and bacteria is given off as carbon dioxide. It is of interest to com- 
pare the amounts of carbon of the cellulose decomposed, carbon of the 
carbon dioxide given off into the atmosphere and the carbon of the cell 
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substance synthesized. The carbon content of cellulose is obtained by 
multiplying the amount of cellulose decomposed by 44.4 per cent. The 
carbon content of the gases given off is obtained by multiplying the re- 
sults for the CO, evolution by 27.5 per cent. The carbon of the cell sub- 
stance synthesized is obtained by multiplying the nitrogen assimilated by 
9, for fungi (fungi containing 45 per cent carbon and about 5 per cent 
nitrogen) and by 6 for bacteria (bacterial cells containing about 45-48 
per cent of carbon and about 8 to 10 per cent of nitrogen) Table 3. 


TABLE 3.—Carbon balance in cellulose decomposition 


(calculated) 
mg. mg. me 

days of carbon of carbon of carbon 

Trichoderma 17 Solution 124.8 71.4 54.9 
Do 38 Do 326.8 182.8 138.3 

Do M4 Sand 408.9 125.6 266.6 

Do 21 Soil 400.0 209.5 195.3 
Penicillium 1s Sand 288.1 141.8 155.6 
Do 21 Soil 255.2 162.2 201.6 
Spirochaeta 30 Sand 199.8 98.6 79.7 
Do 30 Soil 254.4 158.7 84.6 
Bacterium 28 Solution 167.2 87.6 


The results brought out in Table 3 point definitely to the fact that the 
fungi, as represented by the T'richoderma and Penicillium do not leave any 
intermediary products in the decomposition of celluloses (see also Fig. 1). 
All the carbon of the cellulose decomposed is changed completely to carbon 
dioxide and synthesized cell substance. In the case of the Sprrochaeta, 
the sum of the carbon of the gas and cell substance synthesized is less 
than the carbon of the cellulose decomposed, due to the fact that this 
organism forms certain organic acids, which are left in solution and that a 
considerable amount of a gum-like polysaccharide is also synthesized 
(bacterial slime). 

The results of these investigations as well as of numerous others reported 
elsewhere bring out clearly the fact that the organisms, which decompose 
the celluloses, pentosans and the other constituents of the natural organic 
materials are capable of synthesizing considerable quantities of cell 
substance. In the case of some organisms, as much as 30 to 40 per cent 
of the carbon of the cellulose decomposed can be stored in the form of 
microbial protoplasm. As shown elsewhere, this protoplasm is further 
decomposed by various bacteria, actinomyces, protozoa and invertebrate 
animals; a part of the carbon is changed again to CO. and a part of the 
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nitrogen to ammonia. (This ammonia is either again assimilated by the 
cellulose-decom posing fungi and bacteria, if free cellulose or pentosan are 
available, or it is changed to nitrate and made available for plant growth). 
However a part of this synthesized organic matter resists further decom- 
position and forms a very important source of soil organic matter or soil 
“humus."’ This synthesized “humus” is soluble in alkali solutions, giving 
the typical dark color of soil “humus,” and is rich in nitrogen. To bring 
out these facts more definitely, the results of the following experiment are 
reported here. 

Five hundred g. portions of pure quartz sand were placed in a series of 
porcelain pots. Twenty-five g. portions of pure filter paper and 120 
ec. of a nutrient solution containing 800 mg. of nitrogen in the form of 
ammonium phosphate ((NH,)» HPO,) or ammonium sulfate ((NH,).80,) 
as well as a small amount (3 g.) of KeHPO,, some MgSO,, KCl and 
FeCl, were added to each pot. The pots were inoculated with a dilute 
suspension of fresh garden soil, covered with glass plates and placed in 
the incubator at 25 to 28° C. At the end of about 6 weeks, all the paper, 
having previously become covered with a growth of various fungi and 
bacteria, became decomposed. Fresh 25 g. portions of paper were added 
and sufficient distilled water to keep the mixture at optimum moisture for 
aerobic organisms (60 to 70 per cent of moisture holding capacity). Addi- 
tional nitrogen was added only when a test had shown that the ammonia 
was being all used up. Repeated additions of celluloses were continued 
every 3 or 4 weeks until at the end of 1 year, just 275 g. of paper, equiva- 
lent to 253 g. of pure cellulose, and 2800 mg. of combined nitrogen was 
added to each pot. Practically all the paper had disappeared; instead 
there was left a dark-brown mass consisting of the particles of white sand 
surrounded with organic matter, largely in a colloidal condition. 

A careful analysis has shown that there was left in each pot 71.795 g. 
of organic matter, of which 25.495 g. was cellulose. In other words, the 
decomposition of 227.505 g. of cellulose (253-25.495 = 227.505) resulted 
in the accumulation, as a result of the synthesizing agencies of the micro- 
organisms, of 46.3 g. (71.795—25.495=46.3) of new organic matter. 
The ratio between the organic matter synthesized and the cellulose decom- 
posed is 

46.3 100 


= 20.35 per cent. 
227 .505 re 


Of the 2.800 g. of nitrogen added to the sand medium 2.688 g. was 
found at the end of the experiment, the slight difference being probably 
due to experimental errors. Of this nitrogen 1.180 g. was in the form of 
ammonia. The microorganisms that brought about the decomposition 
of 227 g. of cellulose, have thus assimilated 1.508 g. (2.688-1.180) of 
nitrogen which has been changed into complex microbial proteins and 
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other nitrogen complexes. The nitrogen content of the synthesized 
residual organic matter is thus found to be 
1.508 100 
46.3 


The synthesized organic matter, namely the 46.3 g., consisted of the 
following fractions: 


or 3.26 per cent 


Soluble in cold water=9.045 g. of 19.53 per cent 

Soluble in 4 per cent NaOH solution = 19.005 g. or 41.05 per cent 

Soluble in 2 per cent HySO, solution =8.900 g. of 19.22 per cent 

Organic matter, insoluble in water, dilute alkalies and dilute acids = 
9.350 g. or 20.20 per cent 


The portion soluble in cold water contained 199 mg. of nitrogen in a 
combined organic form. 

The alkali soluble portion contained 988 mg. of nitrogen. In other 
words, while the water-soluble portion of the organic matter contained 
only about 2.2 per cent of nitrogen, the alkali soluble portion contained 
5.2 per cent of nitrogen. While only 41 per cent of the organic matter 
is soluble in 4 per cent NaOH solution (heating 30 minutes at 15 Ib. 
pressure) but not in water, 65.6 per cent of the nitrogen is thus made 
soluble. 

When the alkaline solution is treated with hydrochloric acid, a heavy 
precipitate is formed. On boiling the mixture, then filtering and analyz- 
ing it was found that the precipitate weighed 1.465 g., or 3.16 per cent 
of the total organie matter; its nitrogen content was 57.8 mg. or 3.95 per 
cent, and its ash content about 1 per cent. In other words, as a result 
of decomposition of 227 g. of cellulose, the microorganisms of the soil 
synthesized 46.3 g. of “humus,” similar in color and behavior to the 
soil „humus.“ This “humus” contained 1.465 g. of ‘humic acid,” a 
portion soluble in alkalies and precipitated by acids. This “‘humie acid” 
contained 3.95 per cent nitrogen. When a portion of the sand containing 
the synthesized material was treated with concentrated hydrochloric 
and sulfuric acid, for lignin determination, about 1500 mg. of lignin was 
actually found per each pot of the material. When it is recalled that 
the “humie acids’’ obtained from the soil contain about 3 per cent ni- 
trogen and when it is recalled that the procedure of obtaining them was 
the same, the source of “humus” and “‘humic acid’’ become evident. 

One can very readily understand why Schalbe and Eckenstam found 
that the lignin from wood attacked by fungi was soluble 64.2 per cent 
in alkali solutions, while lignin from natural wood was only 8.4 per cent 
soluble. This assumption as well as the ideas of Wehmer that as a result 
of the activities of the fungi “humin” substances and lignie acids are 
formed are quite correct. 


698 FIRST INTERNATIONAL CONGRESS OF SOIL SCIENCE 


The sand-organic-matter mixture was taken out from the pots, well 
mixed and divided into 2 portions. One (1) was placed back in pots 
(on the original basis of 500 g. of sand in each pot) and to another, (2), 
1 per cent of CaCOy was added. The mixtures were further incubated, 
in the presence of optimum moisture for 4 months. At the end of that 
period they were again analyzed, now in greater detail, the mixture not 
receiving any CaCO, being referred to as 1 and the mixture receiving 
Ca⸗CO, as 2. 


Composition of sand-organic-matler mixture 


. 1 2 
pH of mixture 6.0 74 
grams grams 

Total organic matter left (by ignition) 58.430 42.438 
Cellulose content of residual organic matter 18.912 §.891 
‘Total synthesized organic matter 39.518 33 547 
Nitrogen content of organic matter 2.835 2.726 
Ammonia nitrogen present 1.709 1.479 
Nitrate nitrogen present 0 220 
Organic nitrogen content of synthesized organic 

matter 1.126 1.027 
Per cent of nitrogen of organic matter ; 2.85 per cent | 3.06 per cent 


The synthesized organic matter diminished in the 4 months of incu- 
bation from 46.3 to 39.518 g., in the absence of CaCO, and to 33.547 g., 
in the presence of CaCOs. The more rapid decomposition of the organic 
matter in the presence of CaCQy is due to a greater activity of the bacteria 
and actinomyces. The mixture not receiving any CaCO, contained, by 
the place method, 1,500,000 fungi and 5,400,000 bacteria per gram (very 
few actinomyces), The mixture receiving CaCO; contained 120,000 
fungi and 176,000,000 bacteria (15 to 30 per cent of which were ac- 
tinomyces colonies). 

Among the constituents of the synthesized organic matter which 
were first to decompose, the nitrogenous substances seemed to occupy a 
prominent place, as seen both by the diminution of the nitrogen content 
of the residual synthesized organic matter and by the rapid increase of 
the available nitrogen in the form of ammonia and nitrates. This points 
definitely to the fact that in soil processes the synthesis of organic matter 
by microorganisms is sooner or later followed by processes of decompo- 
sition, whereby certain constituents are rapidly decomposed and the ni- 
trogen is again changed from organic nitrogen into soluble nitrogen, 
largely ammonia, which is oxidized to nitrate in the presence of CaCOy. 
However, a considerable part of the synthesized organic matter persists 
in the soil and is more or less resistant to decomposition, 
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A detailed analysis of the remaining synthesized organic matter gave 
the following results: 


Analysis of remaining synthesized organic matter 


2 

Fats and waxes, soluble in ether 475 mg. 
Per cent of total synthesized organic matter 1.41 per cent 
Soluble in cold water, 24 hour extraction 7.SAl g. 
Per cent of total synthesized organic matter 23.37 per cent 
Nitrogen content of organic matter (-ammonia 

and nitrate nitrogen) 206 mg. 
Soluble in hot water, boiling for 30 minutes 4.488 g. 
Per cent of total organic matter 13.37 per cent 
Nitrogen content of hot water soluble organic 

matter (-ammonia nitrogen) 186 mg. 
Organic matter soluble in 5 per cent NaOH (¢ 

minutes at 15 lb. pressure) 7.086 g. 
Per cent or total organic matter. 23.80 per cent 


Nitrogen content of soluble part 596.8 mg. 529.3 mg. 

Synthesized “humic acid” (Part of alkaline solu- 
tion precipitated with HCl, at boiling tem- 
perature) 2.096 g. 2.178 g. 

Per cent of total residual — organic 
matter. * mr: 4.8 per cent 4.9 percent 

Nitrogen éontent of the “humic acid” 100.4 mg. 106. 1 mg. 

Per cent of nitrogen in the synthesized so-called 
“humic acid” . 5.75 per cent 5.79 per cent 

Organic matter soluble i in n2 per cent ‘TSO, ‘solu- 


tion 1.722 g. 2.046 g. 
Per cent of total organic matter 4.36 per cent 6.13 per cent 
Organic matter insoluble in dilute alkalies and 

acids (chitins, ete.) 11.238 g. 9,351 g. 


Per cent residual synthesized organic matter 
(so-called ‘ humins") 28.43 percent | 28.87 per cent 
Nitrogen content of the insoluble organic matter 59. mg. 86.1 mg. 


A careful analysis of the results shows that the synthesized organic 
matter contains all the various fractions commonly found in the soil 
organic matter, although in an unequal proportion, namely the water- 
soluble portion of the synthesized organic matter is considerably higher 
than of the organic matter commonly found in the soil. This is a result 
of the fact that in the soil the synthesized organic matter has already 
undergone considerable decomposition, as a result of which the water- 
soluble portion is the first to disappear; this leads also to an increase in 
the amount of the alkali-soluble portion. Between 50 to 75 per cent of 
the soil organic matter is soluble in 4 per cent NaOH solution (on heating 
under pressure), while only 25 per cent of the synthesized organic matter 
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is soluble in alkalies. This fraction, however, is most resistant to de- 
composition, and increases in the soil, with the advance of decomposition. 
The part of the synthesized organic matter which is insoluble in cold and 
hot water and in hot 4 per cent NaOH solution and 2 per cent H,SO, 
solution, which comprises the chitins andother constituents of microbial 
cell substance, is equivalent to the so-called “humins” and “ulmins” 
commonly recorded in the soil. 

The most interesting part is ‘the nitrogen content of the synthesized 
organic matter, which is about 3 per cent, while the nitrogen content of 
the “humic acids“ found in the synthesized organic matter is a trifle less 
than 5 percent. This tends to explain several important soil phenomena: 
The standard ratio of carbon to nitrogen in the soil which tends to be 
10 or 12 to 1. This ratio is found to hold true of the alkali-soluble part 
of the synthesized organic matter, which is precipitated by acid, namely 
the part most resistant to decomposition. This fraction has 50 to 55 
per cent carbon and 4 to 5 per cent nitrogen. 

Organic matter in soils, where decomposition processes are not very 
active, as acid forest soils, water-logged forest and peat soils, ete., has a 
much wider carbon-nitrogen ratio, frequently 20:1 and even 30:1. 
This is due to the great abundance of lignins (with 63 per cent carbon 
and no nitrogen) and other constituents of natural organic materials, 
which resist decomposition under those conditions and which have a 
high carbon and a low nitrogen content. Two other phenomena bear 
out this point: the low nitrogen content of the “‘humie acid” of these 
soils and the high “‘humin”’ content, or that part of the organic matter 
which is insoluble in alkalies, at low pressures and temperatures. The 
“humie acid’ on the synthesized organic matter is high in nitrogen and 
is readily soluble in alkalies. 


SUMMARY 


The results presented in this paper can be briefly summarized as 
follows: 

Celluloses are decomposed in nature largely by the agency of four 
groups of organisms: (a) Fungi, which are most active in acid and well 
aerated soils; these fungi include a great many genera found among the 
Ascomycetes, Basidiomycetes and Fungi Imperfecti. (b) Aerobic 
bacteria, which are most active in neutral, alkaline and faintly acid soils. 
The soil has to be well aerated and contain free bases (CaCOs, ete.). They 
include various Spitochaeta, Vibrio’s and spore and non-spore forming 
bacteria. (c) Actionmyces, active under conditions favorable to aerobic 
bacteria, especially when the moisture content is below the optimum. 
(d) Anaerobic bacteria, active in water-logged soils and under anaerobic 
conditions in general. 

The decomposition of celluloses is always accompanied by the syn- 
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thesis of considerable cell substance by the microorganisms which are 
active in the process. Since the cell substance synthesized by the or- 
ganisms contains a definite amount of nitrogen and since those organisms 
that decompose the celluloses are unable to use atmospheric nitrogen, 
the decomposition of celluloses will lead to the transformation of inor- 
ganic nitrogen into complex organic nitrogen compounds as constituents 
of the microbial cell substance. It has been established that there is a 
definite ratio between the cellulose decomposed and the nitrogen used by 
the organisms of the synthesis of cell substance, this ratio being about 
30 to 1 for the fungi and aerobic bacteria. In the presence of other 
microorganisms, which do not decompose the celluloses, but attack the 
synthesized cell substance, a part of the nitrogen is again liberated in an 
inorganic form. This may be again assimilated, in the presence of an 
excess of cellulose, thus leading to a widening of the cellulose-nitrogen 
ratio. 

The synthesized cell substance may amount to 20 to 30 per cent of the 
cellulose decomposed. When the synthesized cell substance in its turn 
undergoes decomposition, certain constituents, which are similar in their 
chemical reactions to lignins and to “humic acids,“ but which are readily 
soluble in alkalies and which contain 3 to 5 per cent nitrogen remain. 
These are more resistant to decomposition than the other cell consti- 
tuents. While the total synthesized organic matter contributes to the 
soil ‘“‘humus"’ with all its characteristic properties, the alkali-soluble 
constituents of the synthesized organic matter contribute to the so-called 
“humic acids” of the soil. 

These results tend further to confirm the theory proposed previously 
that soil organic matter or soil “humus” is made up of two groups of 
substances of different origin: (a) constituents of plant material, which 
resist decomposition, like the lignins, cutins, etc., (b) constituents of 
the synthesized cell substance, which resist decomposition; this cell 
substance having originated by the agencies of microorganisms that used 
the celluloses, pentosans, starches, sugars and proteins as sources of 
energy. 

This mass of organic matter or “humus” accumulates only at low 
temperatures, under anaerobic conditions and under acid conditions. 
Under aerobie conditions, at high temperatures, in the presence of free 
bases, this “humus,”’ including the lignins, fats and waxes and synthe- 
sized cell substances decompose by certain specific organisms, as will be 
shown later. 
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